In this paper we implement a non-dynamic panel threshold model for fifty U.S. states to better understand the factors determining changes in Okun's Law. We test for asymmetries in Okun's Law controlling for changes in industry employment. We find changes in output on unemployment are least sensitive for states with relatively large employment within government, construction, and natural resources sectors and lower employment levels in financial, professional and business services and manufacturing sectors. States with lower manufacturing employment have a less sensitive output to unemployment relationship, but the reverse does not apply. States with larger shares of employment within manufacturing sectors do not have a significantly more sensitive relationship compared to the national average.
Daly we expect states with a larger share of employment in sectors combined with strong productivity growth to have a higher Okun's coefficient (i.e. a more sensitive relationship).
Gordon (2010) breakdowns Okun's Law to measure how productivity and aggregate hours respond to cyclical fluctuations over time. The authors find the response in aggregate hours has increased after 1986 but productivity has decreased. The latter result carries particular importance as the authors find productivity no longer exhibits pro-cyclical fluctuations. The authors contribute the shift to increases in immigration, imports, and medical care costs and a decline in real wages and labor market protections.
Owyang and Sekhposyan (2012) analyzes Okun's Law over time with attention on the Great Recession. They find Okun's Law differs when comparing across the business cycle. During normal times they find the correlation between real output and unemployment to be approximately -0.4 but strengthens to -0.55 during recessions. Cazes et al. (2013) use Okun' s Law to analyze the deviations in unemployment rates following the global financial crisis. They find for most countries Okun's coefficient increased sharply but for Germany and Netherlands there was a dramatic decrease over the short term. They find countries with a greater level of employment protection legislation experienced a smaller response in unemployment to changes in the business cycle. This was particularly true for Germany. Ball et al. (2013) analyzes Okun's Law in twenty advanced economies since 1980. They find the relationship does vary substantial across countries but do not find evidence of a "jobless recovery". The authors find considerable differences across the countries which they contribute to idiosyncratic features of national labor markets, but not differences in employment protection legislation.
We add to the existing literature by explaining departures in Okun's Law through a regime switching model controlling for varying measures of industry employment levels. We implement a non-dynamic panel threshold model introduced by Hansen (1999) to a panel of fifty states from 1990 through 2012. The motive behind our paper is relatively straight forward. Ball et al. (2013) claim differences in Okun's Law across countries are contributed to idiosyncratic features of national labor markets. Whereas others claim the departure in Okun's Law is from labor market protections (Gordon (2010) ) and productivity gains (Daly and Hobijn (2010) ). We believe industry composition can explain the idiosyncratic component as well as productivity shocks. For example, we expect states with relatively large employment shares within manufacturing sectors to have a more sensitive relationship. Strong productivity growth and fewer labor market protections make manufacturing employment more sensitive to cyclical fluctuations. In addition to manufacturing, states with relatively large employment within service (financial, professional, and business) areas will also have a more sensitive relationship. We expect states with larger employment within government and education sectors to have a relatively insensitive relationship. Some sectors are more vulnerable to layoffs during an economic downturn and can increasing hiring during an expansion at a faster rate.
Grouping states by industry structure will capture a more precise measure of Okun's Law when compared to estimating the relationship across states. Stefano et al. (2013) show that states with similar industry structures are more likely to have a synchronized business cycle. Implicitly, grouping by industry structure assumes both productivity and demand shocks will show up through employment levels within each industry, independent of state borders. If a state has implemented a particular policy, i.e. changes in minimum wages or personal income taxes, this would only affect the state in question in the short run. Under the assumption of perfect labor mobility workers will move into states that offer employment in their sectors. Given the large literature on business cycle synchronization and the robust finding of regional business cycles we believe using panel data procedure pooling on employment levels to be an important extension in understanding changes in Okun's Law.
The threshold modeling procedure uses underlying variables (i.e. industry employment levels) to find the optimal breakpoint. We find Okun's coefficient is lowest (in absolute value) for states with relatively greater employment within government, construction, and natural resource sectors and lower employment in financial, professional and business services, and manufacturing sectors. In other words, states with larger employment shares within government sectors experience a smaller response in unemployment to changes in output. Whereas, states heavily dependent on financial and professional services and manufacturing employment have a more sensitive relationship. Further we include a lagged dummy variable to measure the impact on unemployment rates in the eight quarters immediately following a recession. We find states with a smaller share of government employment have significantly higher unemployment rates than states with a larger share of government workers. After eight quarters following a recession states with a relatively larger share of professional service, financial services, construction, and government employment were likely to have lower unemployment rates. Additionally, states with a smaller share of employment in natural resources and manufacturing had significantly lower unemployment rates in the eight quarters following the end of a recession.
The rest of this paper is organized as follows: Section 2 provides a short overview of Okun's Law, discusses some key issues estimating the relationship, and provides a brief review of the literature. Section 3 reviews the data construction for state level estimation of output and employment shares and outlines the threshold estimation process. Section 4 reviews the baseline results. Section 5 goes through the threshold results by employment sector. Finally, section 6 concludes.
Okun's Law
Okun's original paper analyzes the regression between the changes in the log of real gross national product (RGNP) and the unemployment rate. To estimate this relationship Okun regressed the quarterly change in the log of RGNP on the change in unemployment from 1947q1 to 1960q4:
where u t is the unemployment rate and y t is the log of RGNP. Okun first found α = 0.3 and β = −0.3. The interpretation for β is a one-percent decrease in the RGNP growth rate will cause unemployment to increase by 0.3 percent, or a three-to-one relationship between changes in output and the unemployment rate. Over time the relationship has slowly shifted into the two-to-one relationship which is commonly reported in textbooks. Throughout this paper we will refer to Equation 1 as the difference specification (denoted by d in Equation 1). Okun also estimated a level specification:
where the constant term, u * l , measures the natural rate of unemployment and (y t − y * t ) is the output gap. Okun assumes potential output, y * t , follows a 3.5 percent trend line. Later studies have relied more on time-series filtering measures to decompose output into trend and cyclical components. Okun finds u * t = 3.72 and β l = −0.36. These results are consistent with his findings of a three-to-one relationship estimated in Equation 1. For our purpose, Equation 2 will be denoted as the level specification which is denoted by l in Equation 2.
A number of papers have analyzed Okun's Law in a country specific framework. For the United States Knotek II (2007) analyzes changes in Okun's coefficient in conjunction with changes in the business cycle. He finds the output-unemployment relationship to be less sensitive (i.e. the coefficient is smaller in absolute value) during expansions but significantly more sensitive during recessions. He also finds evidence that the contemporaneous correlation has decreased over time, but correlation between unemployment lagged growth rates has increased. Herzog (2013) is the first to estimate Okun's Law across states. They find considerable differences in Okun's coefficient which they link to voter preferences. Cuaresma (2003) estimates Okun's Law in a regime-dependent specification that allows for an asymmetric effect of output growth on unemployment. Essentially, we are using a similar approach for a panel of states that allows for asymmetric effects within industry employment levels.
There have been a number of studies that have analyzed Okun's Law across regions using panel data specifications. Maza and Villaverde (2007) and Villaverde and Maza (2009) analyze Okun's Law across Spanish regions. The authors find the inverse relationship between unemployment and output remains but the coefficients range from -0.80 to -0.95 which are three times lower than Okun's original estimates. This suggests a more sensitive relationship between output and unemployment. Marieestelle and Facchini (2013) finds Okun's Law holds for fourteen French regions but breakdowns for eight regions and identifies regional factors to explain the disparities. Huang and Yeh (2013) use a pooled mean group estimator that allows the authors to estimate the short-and long-run relationship across countries and states. The authors find unemployment and output are cointegrated and the unemployment-output linkages are negative and significant across both dimensions. In addition to papers focusing directly on cross regional differences, a number of researchers have explored Okun's Law across larger regional blocks. Fouquau (2008) uses a non-dynamic panel threshold model to test the relationship among 20 OECD countries. The authors find evidence supporting a nonlinear relationship with four specific regimes tied to varying levels of cyclical unemployment where the coefficient displays the most sensitivity at the lowest and highest levels of cyclical unemployment. Harris and Silverstone (2001) estimates Okun's Law across seven OECD countries testing for asymmetry in the relationship. The authors find failing to correct the asymmetries across the business cycle will result in a rejection of Okun's Law.
It has been well documented that Okun's coefficient varies across business cycles and displays a nonlinear relationship across varying levels of unemployment and output growth. The work of Long and Plosser (1987) and Jimeno (1992) show sectoralspecific shocks tend to dominate and only impact the aggregate economy with a lag. Recently, Foerster et al. (2011) show the importance of sectoral shocks have more than doubled in importance explaining the variation in industrial production since the Great Moderation. Given the importance of sectoral specific shocks using sector specific employment levels will provide us with a more reflective and useful measure of Okun's Law.
Empirical models and data
In our analysis we primarily focus on the non-dynamic specification, i.e. Equation 2, using quarterly data from 1990 through 2012 for the fifty states. Employment data by industry was not collected until 1990 which limits us to 23 years of observations. Nonetheless, Starting in 1990 will allow us to capture the dynamics over two complete business cycles plus the recovery from the Great Recession.
The biggest challenge when estimating Equation 2 at the state level is constructing an appropriate measure of real GDP and potential output. At the state level, real gross domestic product is produced on an annual frequency. Total personal income is the only variable captured on a quarterly frequency. The challenge in using total personal income occurs when converting the variable to real income. The Bureau of Labor Statistics does not produce inflation measures by state but by large metropolitan statistical areas and geographical regions. Instead of attempting to find an appropriate conversion of total personal income for each state we use the economic coincident index produced by the Federal Reserve Bank of Philadelphia, created by Stock and Watson (1989) , and applied to states by Crone and Clayton-Matthews (2005) . The economic coincident index is produced on a monthly frequency and is constructed to follow the trend for each state's real gross product. The long-term growth rate of the coincident index will match the long-term growth of real gross state product. Using the state index allows us to capture the cyclical variation on a higher frequency but maintains the same longterm growth for each state and provides an accurate measure of state level output gaps.
The employment measures are from the Bureau of Labor Statistics. Data for the unemployment rate are obtained from the Labor Force Statistics produced in the Current Population Survey (CPS). The data for employment by sector are from the Current Employment Statistics (CES) database for State and Area Employment, Hours, and Earnings. We include data from 9 unique sectors plus the employment to population ratio. The industries we use are construction; manufacturing; trade, transportation, and utilities (trade); natural resources (natural); financial activities (financial); professional and business services (services); education and health services (education); leisure and hospitality (leisure); and government.
Estimating the output gap
We estimate the output gap through two different methods. First we obtain the output gap by regressing the log of the coincident indicators on a constant, trend, and quadratic trend for each country independently:
The residuals from regression 3 are captured individually across states and compose the output gap.
Second, we use the Hodrick-Prescott filter to estimate the trend and cyclical components for each state. The HP-filter extracts the trend component, τ t , by minimizing:
where λ is referred to as the smoothing parameter. A greater value for λ results in the trend being more linear, all else equal. We use λ = 1, 600 which is common for quarterly data. 4 We elect to use the filter to estimate potential output and not the natural rate of unemployment. Instead, we estimate the natural rate of unemployment as the constant in Equation 2. This approach follows Owyang and Sekhposyan (2012) . One concern with the HP filter centers around estimating the end of sample trend. The HP filter exaggerates the change in the trend at the end of sample. In fact, under both smoothing parameters we find the average growth rate for potential output following the Great Recession to be less than 1%. Following Ball et al. (2013) we alleviate this concern by extrapolating the estimated trend from 2004 to 2007 forward through 2012. Averaged across states this gives us a trend growth rate of approximately 2.5% which mirrors the national growth of potential real GDP estimated by the CBO. 5
Employment data
Although the employment measures do not directly enter the regression estimation, but serve as a sorting variable for creating the threshold break points, it is important to accurately construct the employment ratios. An ideal employment measure for the nine sectors of interest (government, financial services, professional and business services, construction, natural resources, manufacturing, education and health services, leisure and hospitality, and trade, transportation, and utilities) would be the employment within each sector relative to the working age population for each state. Unfortunately data are not readily available for the latter. This leaves us with choosing between the state labor force and total population for each state. We estimate the models using both measures, but primarily focus our results in this paper on the sector employment to state population ratio. We chose total population over labor force to help control for states impacted by the discouraged worker effect.
Suppose a state had a relatively large share of employment in manufacturing sectors which during the last decade has been in steady decline. Many workers unemployed in manufacturing have shifted into the discouraged worker category. Using total employment in manufacturing relative to the labor force will understate the decline in the manufacturing share relative to other sectors. Using the employment to population ratio will accurately reflect the decrease in manufacturing employment. This issue is magnified when comparing across states. States with a relatively large discouraged worker effect may have employment to labor force ratios increase even if employment is decreasing in a particular sector (assuming a relatively large discouraged worker effect leading to a decrease in the labor force).
One drawback of using the state population emerges when states have a large dependency ratio which could result from a relatively large population under the age of twenty or older than 65. This is a particular concern for Arizona and Florida, two states with large retirement populations. Overall, the results are relatively consistent across both employment measures.
Threshold estimation
Hansen's non-dynamic threshold procedure has been applied in many different areas. Hansen originally applied the procedure to test whether financial constraints affect investment decisions. More recently the procedure has been applied in saving-investment literature by testing for thresholds in country size (see Ho (2003) ). Cecchetti et al. (2011) applied the procedure to test for thresholds in the effects of increased government debt on economic growth. Aghion et al. (2009) use the procedure to test for the existence of thresholds in saving rates within a standard growth regression. The non-dynamic threshold procedure does have some attractive features in that the optimal thresholds are estimated through a least squares estimator. But the statistical inference is only applicable to balanced panels without a dynamic component. Fortunately our data and Equation 2 fits into this class of models.
The single threshold procedure requires comparing the residual sum of squares from the restricted regression, Equation (2), to the unrestricted regression which allows for a single threshold:
where q it is the scalar threshold variable (sector specific employment ratios), and I(·) is the indicator function that takes a value of one when the threshold condition in the bracket is satisfied, zero otherwise. The error term is assumed to be independent and identically distributed with mean zero and finite variance σ 2 . Mean deviations are taken to control for country specific effects measured by μ i . Following Hansen's recommendation, the threshold sample is trimmed by 10 percent of the highest and lowest values. 6 Trimming assures adequate observations within each threshold regime. For our sample, N = 4450, which restricts each regime to have at least 450 quarterly observations. Restricting the threshold regime size to be at least ten-percent of the total observations helps to minimize potential bias caused by single state outliers. Next the optimal threshold value is selected to minimize the residual sum of squares. After selecting the optimal threshold value, γ 1 , it is important to determine if a threshold effect is statistically significant. The null hypothesis of no threshold effect is:
where β 0 = β 1 is tested by a likelihood ratio test. The likelihood ratio test for the first stage threshold estimate is:
, S 0 are the residual sum of squares from the restricted regression, S 1 (γ 1 ) are the residual sum of squares from the unrestricted regression, andγ 1 is the threshold parameter that minimizes the residual sum of squares. The null hypothesis is rejected for large values of the likelihood ratio. Once the single threshold is estimated the process of estimation extends easily to models with two and three thresholds breaks.
Second, when estimating the second threshold we adopt a sequential estimation procedure following Bai (1999) . If the first threshold is significant we proceed into estimating all possible combinations for a double threshold model. Hansen assumes the original threshold value is fixed while estimating the second threshold. If there is evidence of a second threshold then he proceeds to reestimate the first threshold. The primary reason for choosing the latter approach concerns computing time. 7 Given the relatively large data set we elect to still use the sequential estimation procedure but adopt Hansen's recommendation of using the grid 10.00%, 10.25%, 10.50%, 10.75%....89.25%, 89.50%, 88.75%, 89.00% to minimize over number of quantiles estimated.
To determine the second threshold break, the following model is estimated:
Assuming the first threshold is given, the optimal second-stage threshold estimate is found by minimizing the residual sum of squares for Equation 7. The likelihood ratio test of one versus two thresholds is be based on the statistic: Tables 1 and 2 provide an overview of key summary statistics. Table 1 shows the distribution for each employment sector where the values are expressed as the total number of people employed in that sector relative to the state population. For comparison we also present the distribution for the total employment to population ratio. The two sectors with the largest share of employment, on average, are government services and trade, transportation, and utilities. The threshold procedure works best if there is considerable variability across the threshold variable. Comparing values between the 10th and 90th percentiles we can see that for most sectors the 90th percentile is nearly twice as large as the tenth percentile. This provides us with ample variability to use the threshold procedure. Table 2 presents the means by state across the nine sectors and the total employment to population ratio. This table also shows the variability across states. For example, employment within the manufacturing sector ranges from an average high near ten percent in Wisconsin and Indiana, but a low of approximately two percent in Alaska, Elliott et al. (1996) and an error correction model to specify cross-sectional correlations. Choi reports three test statistics P m , Z, and L * which follow a standard normal distribution under the null hypothesis. 9 Under the Choi test we reject the null of non-stationarity at the 1% level of significance for both variables.
Baseline regressions
We present the results for the baseline panel regressions in Table 4 . The first three columns present the results for Equation 2 using the HP filter method to measure the output gap. The pooled and state fixed effects models have coefficients that are approximately equal to Okun's findings of a three to one relationship. The coefficients of -0.347 and -0.349 shows that for every one percent decrease in the output gap, unemployment will increase by approximately 0.35%. Once we include both state and quarter fixed effects the coefficient decreases. The relationship is closer to five to one (a five percent change in the output gap will cause unemployment to change by one percent). Columns four through six estimate the same models but use the output gap measure derived as the residual from the quadratic trend regression. The results from the pool and state fixed effects models are nearly identical, coefficients of -0.261, and significantly lower than the results estimated through the HP filter. The results including both state and quarter fixed effects (column 6) are similar to those presented in column three. Proceeding to estimating the threshold procedure we elect to use the output gap derived through the HP filter. These results are more consistent with past literature, the regressions have higher R 2 statistics, and fall closer to Okun's original findings.
Threshold regressions
We present the results for the single and double threshold models in Tables 5 and 6 . In addition to reporting the coefficients from Equation 2 we also report the likelihood ratio test statistic, p-value, threshold value, and threshold percentile. For example, when controlling for a single threshold in government employment we find evidence a threshold exists at the 80th percentile. States with government employment less than 8.8% of the state population will have a coefficient of -0.357, whereas states with employment in government jobs more than 8.8% of the population will have a coefficient of -0.229.
In the single threshold model we see a similar divergence occur in construction, natural resources, and leisure. In the other sectors the employment share in the lower threshold regime tends to have the lower coefficient. The effect is largest in the manufacturing and financial services sectors. In both cases, states with a relatively small employment share in these sectors tend to have a less sensitive relationship between output gaps and unemployment.
Since the likelihood ratio test statistic is large and significant at a 1% level for all nine industries we will spend most of the discussion focused on the double threshold model. We present the results for the double threshold model in Table 6 . All nine industries plus total employment to population display evidence of two statistically significant thresholds. To better understand the results will also present frequency tables for each state by regime. The frequency results are presented in Tables 7 and 8 . 10
Government employment
Consistent with our hypothesis we find increased employment within the government sector results in a less sensitive relationship between changes in output and unemployment. We find evidence of two thresholds in government employment. The thresholds 89  53  89  89  89  89  0  62  4  75  0  76  66  0  30  89  89  76  78  62  86  31  89  0  89 occur at the 35th and 81st percentiles with employment ratios of 7.3 and 8.8% of total state population, respectively. The coefficient is lowest (-0.190 ) for states with government employment rates above the 81st percentile. We can use the frequency tables to better understand which states appear in this regime. The states with a relatively large share of government employment are Alaska, Hawaii, Kansas, Montana, North Dakota, Nebraska, New Mexico, South Dakota, and Wyoming. It is worth point out that many of these states also have relatively larger employment shares within the natural resources and mining sector. The coefficient is highest, implying a more sensitive relationship between output and unemployment for states with the smallest share of employment within the government sector. The states with the majority of their observations appearing in the lowest regime include Arkansas, Arizona, California, Connecticut, Delaware, Florida, Illinois, Indiana, Massachusetts, Michigan, New Hampshire, New Jersey, Nevada, Ohio, Pennsylvania, Rhode Island, and Tennessee. Unlike the high government employment regime there does not appear to be a common link connecting the low employment states. The magnitude of the differences in the coefficients is striking. For the high employment regime the coefficient is -0.190 but nearly double for the low employment regime. This suggests states with a relatively large employment share within government services experience smaller shocks to unemployment following from cyclical fluctuations in the business cycle. For these states tt will take approximately a five percent change in output for unemployment to change by one percent. The coefficient for the low employment regime is significantly higher in absolute value, -0.402. The coefficient for the low employment regime is more than double which suggests a much more sensitive relationship. For these states, every 2.5 percent change in output relates to a one percent change in unemployment.
Financial services
Increased employment within the financial sector results in a more sensitive relationship between output and unemployment. The recent business cycle fluctuations have largely been driven by asset price volatility which we suspect to be a key factor behind these results. This sector includes employment within financial intermediaries including insurance companies and real estate. We find evidence of two statistically significant thresholds within financial employment. The thresholds occur at the 11th and 61st percentiles, with employment shares of 1.9 and 2.7% of the population. Over time, states having consistently large employment shares within the financial sector include: Colorado, Connecticut, Delaware, Florida, Iowa, Illinois, Maryland, Minnesota, Missouri, Nebraska, New Jersey, and New York. Okun's coefficient for these states is -0.432. States with a relatively small employment share within the financial sector have a coefficient half as large at -0.219. These states include: Arkansas, Mississippi, New Mexico, and West Virginia.
Professional and Business Services
We expect states with a relatively large share of employment within service sectors to have a more sensitive relationship between output and unemployment. Many service jobs tend to be pro-cyclical, these would include employment with legal services, accounting, architectural, scientific research and development, and administrative services. We find evidence of two thresholds at the 53rd and 86th percentiles with employment shares of 4.8 and 6.1%. Okun's coefficient is increasing as employment within service sectors increases. The coefficient is lowest (-0.303) for states with a relatively small share of employment in services. These states include: Alaska, Alabama, Arkansas, Iowa, Indiana, Kentucky, Louisiana, Maine, Mississippi, Montana, North Dakota, South Dakota, Vermont, West Virginia, and Wyoming. Although we find the coefficient to be statistically different, it is worth noting the coefficient does not vary greatly across the three regimes.
In the high service employment regime the coefficient increases to -0.459, approximately 50% greater than the coefficient found for the low employment regime. States with relatively high service employment include Delaware, Massachusetts, Maryland, New Jersey, and Virginia.
Construction
Contrary to our hypothesis, increased employment within the construction industry resulted in a less sensitive relationship between output and unemployment. Given the majority of the data are prior to the Great Recession this result is relatively consistent. Construction employment had been relative noncyclical until the housing collapse in 2008. We find evidence of two thresholds occurring at the 10th and 28th percentiles with employment shares of 1.6 and 1.9%. Given the relatively low threshold percentiles the key result only applies to states with an extremely small construction share of employment. Most of the observations in the low employment regime occur from 1990 through 1993 and 2011 through 2012. 11 States with relatively low construction employment in the later period include: Arkansas, California, Connecticut, Georgia, Illinois, Kentucky, Massachusetts, Michigan, Mississippi, New Hampshire, New Jersey, New York, Ohio, Rhode Island, and Wisconsin. For these states the coefficient is relatively high at -0.606.
The more sensitivity result is likely stemming from large layoffs within the construction industry in the years prior to appearing in the low regime sample. Although a large number of observations in the low regime occur in 2011 many of these states had larger employment shares from 2000 through 2008. For example, California had an employment to population share in excess of 2.5% prior to 2009. In 2009 the employment share dropped to approximately 1.80% and thereafter fell further to 1.5%. For many states, large decreases of employment within the construction industry are driving the more sensitive relationship and higher unemployment rates following the global financial crisis.
Natural resources and mining
Some of the more interesting results come when we estimate thresholds within natural resources and mining. A priori we do not have a strong suspicion over the magnitude of the coefficients. We find evidence of two thresholds occurring at the 28th and 69th percentiles with employment shares of 0.10 and 0.60 percent. The relationship becomes less sensitive as employment increases in natural resource sectors. Overall, the share of employment within the natural resource sectors is relatively small but nonetheless explains a large variation in Okun's coefficient. States with a large employment share have a coefficient of -0.246. These states include: Alaska, Delaware, Hawaii, Louisiana, Maryland, Montana, Nebraska, New Mexico, Oklahoma, South Dakota, Tennessee, Texas, West Virginia, and Wyoming. Interestingly, many of these states also have relatively large employment shares within the government sector.
States within the low employment regime include: California, Colorado, Iowa, Massachusetts, Missouri, New Hampshire, New Jersey, New York, and Rhode Island. These states have a coefficient of -0.496. It is important to note that many of these states also have high employment in other sectors that also correspond with a more sensitive relationship, mainly the financial and construction sectors.
Manufacturing
Manufacturing employment been in the spotlight of our economic recovery. The high unemployment rates for many states throughout the midwest is result of large declines in manufacturing employment over the last fifteen years. As expected we find the relationship is more sensitive for states with employment in the middle and high employment regimes. We find evidence of two regimes at the 23rd and 43rd percentiles with employment shares of 3.5 and 4.9% of the population. The coefficient is highest, -0.454, for the middle regime, but not greatly different than the pooled estimate of -0.35. The coefficient decreases to -0.387 for the high employment regime. Despite the recent struggles of the states heavily dependent on manufacturing employment this does not appear to be driving a more sensitive relationship between output and unemployment.
For many states, the decline in manufacturing has been a continual problem since the late 1990s and despite the high unemployment rates throughout Michigan, Wisconsin, Indiana, Ohio, and Minnesota they do not appear to be caused by a decline in manufacturing employment. As employment in manufacturing declined throughout the early 2000s, many ex-manufacturing workers were able to find employment within construction and service sectors. The higher unemployment rates, which in this case do not correlate with a more sensitive relationship, are likely the result of job losses in these latter sectors. Another possible explanation lies within the context of wage contracts. Many manufacturing sectors are protected through employment protection causes in union contracts.
States in the low employment regime have a significantly lower coefficient of -0.281. These states include: Alaska, Hawaii, Maryland, Montana, New Mexico, Nevada, and Wyoming. Many of these states were also in the high government and natural resource employment shares. We cannot conclude if the less sensitive relationship is the result of lower employment in manufacturing or higher employment in government and natural resources. We can conclude that states with lower manufacturing shares have a less sensitive output to unemployment relationship, but the reverse does not apply. States with large shares of employment within manufacturing sectors do not have a significantly more sensitive relationship when compared to Okun's coefficient pooled across states.
Education and health services
We hypothesize that education and health services will have a more sensitive relationship associated with states that have a smaller employment share. During recessions many states are forced to layoff workers within this sector. We find evidence of two thresholds which occur at the 42nd and 54th percentiles with employment shares of 5.1 and 5.6% of the population. States in the middle regime have a less sensitive relationship (-0.247) relative to the low and high regimes. The latter two have coefficients that are consistent with the pooled estimate, -0.366 and -0.375, respectively. Given the overall small number of observations within the middle regime we don't suspect employment within education and health services to have a large economic impact on the coefficient.
Leisure and hospitality
Leisure and hospitality sectors are highly cyclical, for that reason we hypothesize that increased employment within these sectors would result in a more sensitive relationship. We find evidence of two thresholds occurring at the 45th and 90th percentiles. Interestingly the high employment regime also has the most insensitive relationship. States in this grouping include: Connecticut, Florida, Hawaii, Montana, Nevada, and Wyoming. These states have a coefficient of -0.246 which is considerably lower than the pooled estimate.
Trade, transportation, and utility
The last employment sector that we analyze is a collection of many different industries including: retail and wholesale trade, transportation, and utilities. Given the emphasis on wholesale and retail production, we expect the relationship to become more sensitive with increased employment in these sectors. We find evidence of two thresholds occurring at the 19th and 33rd percentiles, but overall the coefficients do not vary largely across these thresholds. The low and high regimes have coefficients of -0.342 and -0.324, respectively. These are consistent with the pooled sample. The middle regime has a slightly higher coefficient of -0.432.
Industry thresholds and recessions
In addition to understanding the relationship between Okun's coefficient and industry employment levels we are also interested in understanding how sector level employment affects unemployment rates following a recession. We use our results from the double threshold model and incorporate a recession dummy variable, D t−i that takes a value of one in the ith quarter of the recession and zero otherwise. We use the NBER dating of the business cycle to determine the end of each recession (1991q1, 2001q4, and 2009q2) . We include the dummy variable with eight lags to measure how unemployment responds given a state has an employment level in a particular threshold regime. The inclusion of eight lags allows us to measure unemployment a full two years after the official end of a recession.
The results for each industry are presented Table 9 . The first row estimates the baseline regression with the included recession dummy variable. Okun's coefficient remains unchanged and on average shows a very slow response to unemployment rates following the recession. As the economy recovers unemployment will decrease in accordance with Okun's coefficient but the dummy variables show a shift up in the baseline unemployment, the constant term. In the next set of rows are the results broken down by industry regimes. There are three sets of results for each industry. These results correspond to the three unique regimes found through the double threshold model. Using three sets of regressions also allows us to measure a unique constant term for each regime. The constant term can be interpreted as the natural rate of unemployment.
One interesting result is that many of the industries show an increase in unemployment following the end of the recession. Partly this is a result of using a national business cycle measure with state unemployment. States are likely to have a slightly different business cycle relative to the national economy. Even still, this result is not surprising. Looking at the United States as a whole the NBER dated the end of the recession in 2009q2. The national unemployment rate during 2009q2 averaged 9.3% but continued to increase and peaked at 10% in 2009q4. This pattern is similar for the other recessions observed in the data. Nonetheless the inclusion of the lagged dummy variable will capture the increase in unemployment rates following the "official" end of the recession. Perhaps the most interesting case if for government employment levels. States with a smaller share of government employment not only have a more sensitive relationship to changes in output but also have significantly higher unemployment rates than states with a larger share of government workers. After eight quarters following a recession states with a relatively larger share of professional service, financial services, construction, and government employment were likely to have lower unemployment rates. Additionally, states with a smaller share of employment in natural resources and manufacturing had significantly lower unemployment rates in the eight quarters following the end of a recession.
The most extreme differences appear in the financial, professional services, and construction sectors. States with a relatively large share of employment within financial and professional services tend to have a more sensitive relationship to changes in the output gap but this also shows up as a lower natural rate and a much quicker recovery following the end of the recession. Both of these industries tend to be free of labor market rigidities which helps to explain the speed at which unemployment decreases. States with a relatively low measure of construction employment have a higher natural rate and Okun's coefficient but a slower recovery captured by the relatively high coefficients on the dummy variables.
Another interesting case emerges for states with relatively larger employment shares within manufacturing. These states have a higher Okun's coefficient but following a recession unemployment rates are relatively flat but increase drastically in months five through eight. One explanation could be the existence of labor unions that fight to keep workers employed longer where as many service workers are at will employees and can have jobs terminated earlier during the recession.
Conclusion
In this paper we show that Okun's Law largely depends on the overall employment makeup for each state. States with a less sensitive relationship between unemployment and output have a larger share of employment within government, natural resources and mining, construction, and leisure and hospitality with lower employment shares in financial services, professional and business services, and manufacturing. The coefficient across the pooled sample is consistent with Okun's original findings of a three-to-one relationship between changes in the output gap and unemployment. We find the relationship weakens to a five-to-one relationship for states with relatively large employment within government and natural resource sectors. The relationship strengthens to a nearly twoto-one relationship for states with relatively smaller employment within government and construction sectors, and larger employment within financial and professional services.
There is evidence that time period does matter. We find that many of the regimes not only relate to employment share by sector but also specific time periods. This was seen especially in the estimates for the construction sectors. Most of the low regime, highly sensitive results came through states following the housing collapse from 2010 through 2012.
In the broader scope of the literature these results can be seen as a way to further understand the dynamics between cyclical fluctuations in the business cycle and unemployment rates. As many researchers are focusing on productivity gains to explain the recent divergence in Okun's coefficient we find considerable evidence to suggest that the overall construction of a state's labor market is equally important.
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